Mycobacterium tuberculosis (MTB) as potentially curable causes of central nervous system (CNS) infections in sub-Saharan Africa.
| INTRODUC TI ON
Infections of the central nervous system (CNS) are responsible for approximately 530 000 deaths throughout the world each year. 1 Patients with clinical and laboratory evidences for CNS infections but in whom common bacterial agents cannot be identified by conventional bacterial culture in the cerebrospinal fluid (CSF) can be considered as having aseptic meningitis and/or encephalitis. Clinical presentation of aseptic meningitis and of bacterial meningitis is similar, whereas encephalitis manifests with altered cognition, seizures, and focal neurological dysfunction. The distinction between aseptic meningitis and encephalitis may be difficult since patients may have both signs of meningitis and altered mental status with sensory deficit. The clinical presentation of the different types of CNS infections may be nonspecific and can overlap, but viral meningitis is usually less severe, whereas viral encephalitis and bacterial meningitis are associated with a significant mortality. Viruses including those from the Herpesviridae family are the most common cause of acute aseptic inflammation of meninges and brain. [2] [3] [4] [5] [6] Among them, herpes simplex virus (HSV) is regularly reported as a current and severe cause of encephalitis in high-income countries. Other pathogens associated with meningitis and meningoencephalitis include Mycobacterium tuberculosis (MTB) 7 which is responsible for a particularly deadly and disabling form of meningitis. 8 In African settings, aseptic meningitis is thought to be common, but the relative contribution of potential etiologic pathogens remains largely unexplored. 9 In countries located in the "meningitis belt" such as Burkina Faso, CSF samples are generally tested for the three main causative bacteria Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae by culture, antigen detection, and PCR. 10, 11 However, only about a quarter of suspected cases are laboratory-confirmed with these tests.
12
Little is known about the prevalence of HSV and MTB as agents responsible for severe but potentially curable aseptic meningoencephalitis in sub-Saharan Africa. 13, 14 Identification of MTB and HSV in CSF is important since a specific chemotherapy is required for these pathogens.
The purpose of the present study was to improve the laboratory diagnosis of HSV1/HSV2 and MTB using an in-house duplex nucleic acid assay and to screen CSF samples collected from febrile patients clinically suspected of CNS infections in Burkina Faso. Meningitis; Bio-Rad, Marnes-la-Coquette, France). 16 All samples were anonymized and stored at −20°C.
| MATERIAL AND ME THODS

| DNA extraction
DNA extraction was performed using Chelex-100® (Bio-Rad; 100
Resin #1432832), as previously reported. 17, 18 This method chelates cations including Mg
2+
, which is an essential cofactor for DNases, preserving the DNA released after lysis of bacterial wall. This method was previously used for mycobacterial and HSV DNA extraction from CSF samples. 18, 19 In this procedure, 200 µL of CSF samples was added to 100 μL of 20% of a Chelex-100 suspension prepared in molecular water and mix vigorously. The suspension was heated for 20 minutes at 95°C. The boiled mixture was centrifuged to pellet out the Chelex-100 resin, and 50 µL of supernatant was retained for PCR. Extracted DNA was kept at −20°C until PCR testing.
| Real-time PCR duplex
Primers and a probe were designed using the PRIMER 3 PLUS software. Published HSV-1 and 2 sequences were analyzed using BLAST software sequence alignment tool to identify a single set of primers 
| Determination of the analytical performance of duplex PCR
The limits of detection (LOD) for HSV1/HSV2 and MTB were determined using serial concentrations of HSV1/HSV2 and BCG in at least 10 separate runs. 
| Statistical analysis data
HSV1/HSV2 and MTB DNA concentrations were converted to Log 10 values before performing statistical analysis. The LOD was defined as the lowest DNA load detected in 95% of the times. The probit regression analysis performed on SPSS was used to determine the LOD. Coefficient of variation ([(SD/Means) × 100]; SD, the standard deviation) was calculated to estimate intra-assay and inter-assay variabilities. Continuous variables were described as median and interquartile range (IQR).
| RE SULTS
| Design of HSV1/HSV2 set of primers and probe
Herpes simplex virus UL47, UL40, UL35, UL29, and UL15 were identified as highly conserved HSV genes, and among them, a target sequence nested in UL29 was selected. UL29 HSV1/HSV2 percentage of homology is 52% and 100% in the PCR target sequence. Primers allowed amplification of a 121 nucleic acid sequence (Table 1) .
| Analytical performance of the duplex PCR assays
Using serial concentrations on repeated runs, the lowest DNA concentration giving 95% detection signal was 2.45 HSV1 DNA copies/µL (95% Table 2 . All 24 negative samples tested were found negative for HSV1/HSV2 and MTB, conferring an analytical specificity of 100% for the duplex PCR.
| HSV1/HSV2 and MTB testing in CSF from patients with suspected meningitis
A total of 202 CSF samples collected from patients with aseptic meningitis were tested for HSV and MTB DNA (Table 3) (Table 3 ).
| D ISCUSS I ON
Meningitis is an important health problem in sub-Saharan countries.
In Burkina Faso, meningitis accounts for 4% of all death representing the 7th most frequent cause of death. 25 Only a quarter of suspected meningitis cases with CSF were laboratory-confirmed as either 
TA B L E 1 Description of primers and probes
Furthermore, identification of the causative infectious agents yields valuable epidemiological information. Due to its speed, sensitivity, and specificity, the PCR method is now being established as a diagnostic tool of growing potential for the diagnosis of aseptic meningitis and encephalitis. 26, 27 In the first phase of this study, the analytical performance of the PCR was determined using HSV standards and BCG strain. UL29
(ICP8) chosen as a highly conserved HSV gene is a single-stranded linear DNA binding protein involved in the initiation of HSV replication. 28, 29 The assay demonstrated a limit of detection around 2 copies/µL for HSV1/HSV2 and 2.5 IS6110 copies/µL for MTB. Taking into account a median number of ten IS6110 copies per bacteria, the analytical sensitivity of the PCR can be estimated around 250 copies of MTB/mL. The sensitivity of the assay for HSV DNA was comparable to others HSV nucleic acid tests 30, 31 and probably sufficient to detect most of the HSV CNS infections regarding viral load generally observed in CSF. 32 However, a better sensitivity for HSV detection, able to detect <500-200 HSV DNA copies/mL, would be preferable to detect some of the specimens with low HSV DNA concentration. 33 The cation exchanger Chelex 100 requires less than an hour for DNA extraction and is especially inexpensive.
In the second phase of the evaluation, we explored HSV and MTB as pathogenic agents possibly involved in severe aseptic meningitis in a setting where HSV is neglected as a cause of CNS infection and TB prevalence is high.
Two children aged 2 years were tested positive for HSV in the CSF and confirmed HSV1. HSV1/HSV2 are important causes of CNS infections particularly among children and immunocompromised patients. HSV induces a large spectrum of presentation: meningitis, myelitis, radiculitis, and encephalitis that are associated with a mortality estimated to 70% in absence of acyclovir/valacyclovir treatment.
34
HSV1 was identified in CSF collected from of 2% to 4% of adults and children with aseptic meningitis or encephalitis from Malawi 35 and Sudan. 36 In a prospective study conducted in Malawian children with suspected viral CNS infection, HSV1 was detected in eight out of 513 cases (1.5%). 37 A similar study conducted in Bonn University
Hospital, Bonn, Germany, reported a prevalence of 0.3% for HSV.
38
Other studies reported a prevalence of 1.5% for HSV1 in Korea 39 and 1.4% in Georgia. 40 HSV1 was also reported in 3.4% and 6.5%
in two studies conducted in adults living in Vietnam. 41, 42 Children are probably affected by HSV CNS infection during primary infection, whereas HSV reactivation is involved in adults. HSV2 was not detected in our study, but HSV2 has been reported as a cause of recurrent aseptic meningitis in immunosuppressed individuals.
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F I G U R E 1 Detection limits of the HSV1/HSV2, and IS61160 PCR assays. Curves were determined by probit analysis (95% probability detection). A, The LOD was estimated at 2.45 copies/ µL for HSV1; B, 1.72 copies/µL for HSV2; and C, 2.54 copies/µL for IS6110 using the BCG strain containing a single target copy of IS6110. Dashed lines show 95% confidence interval for the analysis. BCG, bacillus Calmette-Guerin; HSV, herpes simplex virus; LOD, limits of detection 
2.54
Regarding MTB, the proportion of aseptic meningitis attributable to this pathogen is thought to vary by location according to the overall frequencies of tuberculosis and HIV. 8 Tuberculous meningitis
remains an important cause of death in young children and immunocompromised adults living in endemic areas. The highest rates were observed in South Africa with up to 30% of all adult meningitis. [46] [47] [48] In a recent study in Uganda, a diagnosis of tuberculous meningitis was confirmed in 4% of children suspected of meningitis. 49 Data are missing in West African countries where HIV prevalence is lower.
The prevalence of MTB observed in our study (1.5%) is close to a report from Niger where 1.9% of confirmed cases of bacterial meningitis were caused by MTB. 50 Multiplex assays for diagnosis of meningitis are commercially avail- The results presented here show a highly specific, sensitive, and reproducible duplex PCR assay using a fast, simple, and DNA. This method is rapid, efficient with a low risk for laboratory-induced contamination since all the procedure can be carried out in a single tube as recently reported. 59 The expense for Chelex® method is very low as compared to the commercial methods based on silica columns or magnetic beads costing from 2 to 6$ per test, which makes it particularly advantageous in low-income countries. Future developments may include used of lyophilized reagent for the PCR.
| CON CLUS ION
In this study, we developed a PCR test dedicated to HSV1/2 and MTB detection. Our results show that HSV and MTB are etiologic TA B L E 3 Demographics, CSF characteristics, and detection of herpesviruses and MTB in 202 patients with suspected aseptic meningitis
